Today serious games are having an important impact on areas other than entertainment. Studies show that serious games have a potential of creating learning environments to better reach the educational and training goals. The game design characteristics and game elements are need to be explored in detail for increasing the expected benefits of the gaming environments. In this study, the effect of competition, one of the design elements of game environments, on learning is analyzed experimentally. The study is conducted with 142 students. The results of this study show that when a competition environment is created in a serious game, motivation and post-test scores of learners improve significantly. The results of this study are expected to guide the serious game designers for improving the potential benefits of serious games.
Introduction
Today serious games, games having purposes other than entertainment, are being used in several areas such as training, education, and health. However, nowadays these games are blamed to be more like drill and practice software than entertaining and engaging game play (van Eck, 2006) . In order to improve the benefits of serious games, one needs to understand their design characteristics and control these characteristics according to educational or training purposes as well as the behaviors and expectations of the learner groups. In that sense, serious game design characteristics need to be analyzed carefully and systematically.
Several game characteristics such as uncertainty, challenge, feedback, fantasy, cooperation, and competition have been studied by several researchers (e.g., . Many other characteristics can be added to this list. Understanding each of these elements and their effect on the game-based learning environments may improve the benefits of these games. On the other hand, there has been little empirical research examining the individual game characteristics on learning (Vandercruysse, Vandewaetere, Cornillie, & Clarebout, 2013) and how the games should be designed for facilitating learning (Dondlinger, 2007) . In this study, competition, which is classified as a characteristic of a serious game, is explored. An empirical study is conducted to understand the effect of competition on players' learning performance in serious games.
Serious game design elements
Based on different design perspectives and characteristics, the level of involvement, concentration, flow, learning, engagement and/or skill improvements through the game play may vary. In the scope of game-play, several design elements such as uncertainty, goals, challenge, feedback, learner control, competition, cooperation, fantasy, interactivity, flexibility, and fairness to have been explored in the literature to improve the benefits of games (Hong et al., 2009; . In our earlier study (Ozcelik, Cagiltay, & Ozcelik, 2013) we have conducted a research to understand the effect of uncertainty on learning in games. According to the results of this study, uncertainty enhances learning and has positive relation with motivation (Ozcelik et al., 2013) . Results indicate that as motivation increases, learners tend to devote more time on answering the questions and to have superior accuracy in these questions (Ozcelik et al., 2013) . Juul (2005) proposes six necessary and sufficient features for games: (i) rules, (ii) variable and quantifiable outcomes, (iii) value assigned to outcomes, (iv) player effort to influence outcomes, (v) player attached to outcomes, and (vi) negotiable consequences of activities. Studies show that in order to guide the player reaching the game objectives, the goals of the game that the player required to reach and the rules of the game that the player should follow need to be provided explicitly (Csikszentmihalyi, 1990; Johnson & Wiles, 2003; Pagulayan, Keeker, Wixon, Romero, & Fuller, 2003) early in the game (Federoff, 2002) such as in the introduction or briefings of the game (Pagulayan et al., 2003) . Otherwise, the player may be lost in the game and it may be hard to understand the players' learning performance through the game play (Dempsey, Lucassen, Haynes, & Casey, 1996) . Goal directed activities improve the flow experience of the players (Csikszentmihalyi, 1990) . Additionally, when tasks have clear goals, there is a possible concentration in a game play (Sweetser & Wyeth, 2005) . Besides, feedback is another important characteristic that affects the game play. According to Malone (1981) , feedback helps players to understand their performance in the game and to provide information about their success or failure. Studies also report that games should provide an immediate feedback for the player actions (Desurvire, Caplan, & Toth, 2004; Johnson & Wiles, 2003) in an appropriate way (Csikszentmihalyi, 1990) and should reward players on their progress in the game (Federoff, 2002; Pagulayan et al., 2003) . Additionally, players should also be informed about their low performance and right directions (Gee, 2004) . Researchers also report that challenge is another important element of a game design (Malone, 1981; Rouse, 2005; Sweetser & Wyeth, 2005) . According to the flow theory presented by Csikszentmihalyi (1975) , the challenge in a game is closely related to the skills of the player. Hence, the game should be designed by considering the skill levels of the players. Control is another important component of a game which refers to the openness of the system to allow manipulations by the player (Federoff, 2002; Pagulayan et al., 2003; Pavlas, Bedwell, Wooten, Heyne, & Salas, 2009) . Control is the degree to which a learner has the power to make changes in the game environment (Pavlas et al., 2009) . Similarly, some fantasy elements in the game design could also be considered another group of factors for creating effective games (Cruickshank & Telfer, 1980; Lepper & Cordova, 1992) . Fantasy element, when used in serious games, may craft engaging and instructional challenges (Iuppa & Borst, 2007; Parker & Lepper, 1992) .
Researchers report that the game design features through creating interaction between players such as competition and cooperation are critical elements for effective games (Andresen & Ahdell, 2002; Dondlinger, 2007) . "Competition is goal-oriented, directed towards achieving one's own goals even though this may have a negative effect on other competitors" (Hong et al., 2009, p. 5) . Several different forms of competition such as team competition, competition between user and computer, competition against oneself, chance and time (Vandercruysse et al., 2013) have been defined for computer games. Several benefits of competition in games have been reported in the literature. For instance competition is regarded as a well structured learning activity that has the potential to draw attention and excitement of students (Cheng, Wu, Liao, & Chan, 2009) . Competition is considered as a useful technique to motivate individuals to learn (Julian & Perry, 1967; Nemerow, 1996; Yu, 2000) . For instance, van Eck and Dempsey (2002) report that competition may motivate the students extrinsically and as a result students may put more effort on current tasks. Pareto, Haake, Lindstr€ om, Sj€ od en, and Gulz (2012) also argue that competitive activities motive learners to play the game. Similarly, competitions enhance learning and cooperation among students (Battisti, Boato, Carli, & Neri, 2011; Burguillo, 2010) . Atanasijevic-Kunc, Logar, Karba, Papic, and Kos (2011) suggest that competition in games stimulate the interest of students and increases the efficiency of the learning process.
On the other hand, there are some concerns on excessive competitive activities which may cause negative influences on learning such as increasing anxiety, impeding performance on tasks, diminishing empowerment and responsibility for learning (Kohn, 1992) . According to Shaffer (2006) competition is not an essential game design element. Similarly, Vandercruysse et al. (2013) found that computation is not significantly related to students' learning gains and only partly related to students' motivation.
Hence, the competitive game environments need to be explored in detail to better understand its effect on learning. Accordingly, we experimentally explored competition to examine its effect on learning in games. For this purpose, motivation, post-test scores, accuracy in the game, duration spent on reading statements and providing responses in the game were evaluated as measures in our serious game implementation. A game was developed to teach conceptual database modeling concepts by using entity-relationship (ER) diagrams, which are used for data modeling in relational databases. Two versions of the game were developed. One included competition and the other included no competition. Half of the randomly selected participants were assigned to the competition condition and the other half were assigned to the control condition.
Research methodology

Participants
The participants of this study were 142 undergraduate students (62 female and 80 male) from computer engineering, software engineering, and information systems engineering departments in Atilim University. The range of their age was between 20 and 28 years (M ¼ 22.58, SD ¼ 1.64).
Materials
In this study several materials such as prior knowledge test, the game itself and a Turkish version (Acar, 2009 ) of the instructional materials motivation survey (IMMS) (Keller, 1993) were used. These materials are described in detail below.
Prior knowledge test
A prior knowledge test was administered in order to examine whether the competition and the control group differed in prior knowledge of the database concepts covered in the game, because research studies have shown that prior knowledge of participants may influence their performance in games (e.g., Lee & Chen, 2009 ). The test includes five statements such as "I know how to read entity-relationship diagrams" in which participants needed to rate subjectively their knowledge on a scale from 1 (associated with "I know very little") to 5 (associated with "I know very much"). The prior knowledge test score was computed by taking the sum of the given five responses.
Post-test
The post-test contained six questions. In the matching question, participants were required to match an item (e.g. "Author") on the given ER diagram with its concept name (e.g. "Entity"). The second and third questions were of fill-in-the-blank type. For a given ER diagram, students were asked to fill the blanks with appropriate word(s). An example item was "Write is a (n) … … kind of relation" where the correct answer was "many-to-many". The fourth and the fifth questions were of true-false type. An example of a true-false question is "An author can write many book" and the answer should be "True". The matching, fill-in-the-blank and true-false type questions included 5, 8, and 16 items, respectively. The last question required participants to draw an ER diagram for given requirements of a case.
The game
This drill & practice game was designed to present conceptual database modeling concepts taught in database courses in higher education. The content of the game was adapted from Ozcelik et al. (2013) . All participants were novice to the subject matter covered in the game. Therefore, they had equal opportunities to win the game (Hong et al., 2009) . The goal of the users was to collect 336 points. In order to challenge the players, the following plot was presented: There had just been an attack on the nation's database system. Players needed to reveal and understand the secret symbols to ensure the security of the database. Actually these secret symbols were the concepts to be taught. The learners were presented 21 true-false statements in a game format. Firstly, players needed to roll two dices by clicking a button. Second, an ER diagram and a statement (e.g., "Author" and "Book" are entities) about the ER diagram was shown on the screen. Learners responded to the questions by checking a radio button with two choices: true and false. Half of the statements were true, and half were false. A feedback including whether the response was correct or incorrect as well as the explanation of the correct answer was shown after the response of the learner. By pressing the right arrow button, the next question appeared.
There existed a chance-based uncertainty in the game. Participants earned ten points plus the total of the two dices if their response was correct. Their points were subtracted by the total of the dices if the response was incorrect. All of the collected points were lost if both of the dice were one (Howard-Jones & Demetriou, 2009). Participants could see how many points they earned or lost from the current question, as well as their total points.
For this study, two versions of the game were developed. The first version was developed with the competition option. In this version, as seen from Fig. 1 , all the participants were connected to the gaming environment and they were able to see all current players' scores, ranking, and nick names in the right panel of the game interface in real-time. In the current study, each individual contests with the other participants simultaneously where each individual is an independent player (Vandercruysse et al., 2013) . Participants were not allowed to work collaboratively. Learners can play the game concurrently without waiting their turn.
As seen from Fig. 2 , in the second version of the game environment this list is left as empty. In other words, in the second version of the game, the player is not able to follow the other players' scores, ranking and nick names.
Instructional materials motivation survey
In order to assess motivation of participants toward the instructional materials that they have studied, a Turkish version (Acar, 2009 ) of the instructional materials motivation survey (IMMS) (Keller, 1993) was used. The survey consisted of 36 statements (e.g., "The content of this course is relevant to my interest") to be rated about the learning materials using a 5-point Likert-type scale ranging from 1 ("completely not true") to 5 ("completely true") with four subscales: attention, relevance, confidence, and satisfaction in accordance with the ARCS Model (Keller, 1983) . Table 1 summarizes main hypothesis and supporting evidences of the study. Fig. 3 illustrates the hypothesized cause and effect relationship between competition, motivation, performance measures in the game and learning outcomes. Accuracy is calculated as the number of total correct answers to the questions in the game. The response time is regarded as the average duration that the player spends for reading the statement and providing the response for it. Accuracy and response time were calculated and recorded by the game itself.
Research model and hypotheses
The motivation of students during the game was assessed by a Turkish version (Acar, 2009 ) of the instructional materials motivation survey (IMMS) (Keller, 1993) . Learning through the game was measured by the post-test test that was administered after the game play. The post-test includes items related to the game content.
Results
An independent samples t-test was performed to compare prior knowledge of participants in the competition and control groups. The results suggested that there was no difference in prior knowledge between the groups, t(140) ¼ 0.36, p ¼ .72 (competition group: M ¼ 7.86, SD ¼ 3.80; control group: M ¼ 8.11, SD ¼ 4.50). In order to compare post-test scores of the competition and the control group, a separate independent samples t-test was conducted. The results indicated that the competition group (M ¼ 24.47, SD ¼ 8.93) performed better in the post-test than the control group (M ¼ 20.92, SD ¼ 7.81), t(140) ¼ À2.51, p ¼ .01.
Separate independent samples t-tests were run to investigate whether the groups differed in total reading time of explanations, total response time of answering to questions, and accuracy in the game. The results revealed that there was no significant difference between the groups in total reading time of explanations, t (140) A two-way between-groups analysis of variance (ANOVA) was conducted to examine the effect of gender on post-test, as well as the interaction between gender and group. There was no significant main effect of gender on post-test scores, F(1, 138) ¼ 0, p ¼ .98. The interaction between gender and group did not reach statistical significance, F(1, 138) ¼ 1.29, p ¼ .26. Unequal sample size of female and male participants in competition and control groups should be also considered (32 females in competition group, 30 females in control group, 39 males in competition group, and 41 males in control group). 
Table 1
Hypotheses and supporting evidences.
H1:
Competition is positively related to motivation (Burguillo, 2010; Julian & Perry, 1967; Nemerow, 1996; Yu, 2000) H2: Motivation is positively related to accuracy in the game during learning (Toups, Kerne, & Hamilton, 2009 ) H3: Motivation is positively related to the response time to questions in the game during learning (Beck, 2004) . H4: Accuracy in the game is positively related to the post-test (Shin, Arbor, & Soloway, 2006) . H5: The response time to questions in the game is positively related to the post-test (Eagle & Barnes, 2009 ) H6: Competition is positively related to the post-test (Johnson, Johnson, & Stanne, 1985) H7: Motivation is positively related to the post-test (Liu & Chu, 2010) Pearson correlation analyses were performed to evaluate the relationship between the measures used in the study (see Table 2 for zeroorder correlations). Total reading time of explanations, motivation, total response time of answering to questions and accuracy in the game were positively correlated with post-test scores. For instance, it can be concluded that the more time spent on reading the explanations in the game, the better performance scores were obtained in the post test. Total response time of questions and accuracy in the game were significantly correlated with total reading time of explanations in the game. On the other hand, no significant correlation was observed between motivation and total reading time of explanations. Higher accuracy in the game but not motivation scores was associated with higher response time of questions. Lastly, higher motivation was related to higher accuracy in the game.
To test the proposed causal model presented in Fig. 3 , a path analysis was conducted with LISREL 8.8 (J€ oreskog & S€ orbom, 1997). The hypothesized relationships among the variables were shown in Fig. 3 Squared multiple correlations showed that the hypothesized model explained 32% of the variance in the post-test. The standardized parameter estimates (see Fig. 4 ) were calculated using LISREL's Maximum Likelihood Technique. These parameter estimates indicate change in a dependent variable associated with a unit change in an independent variable (Olobatuyi, 2006) . For instance, a one standardized score increase in motivation is associated with .20 standardized score increase in accuracy in the game. The sign of the parameter estimate specifies the direction (negative or positive) of the relationship between the variables. When the sign is positive, both dependent and independent variables increase or decrease together. When the sign is negative, a variable increases while the other decreases. Parameter estimates having t-value greater than 1.96 were considered as significant at p < .05, two-tailed (Tabachnick & Fidell, 2001 ). Accordingly, competition was positively related with motivation (t ¼ 2.09), thus H1 was supported. Motivation was positively associated with accuracy in the game (t ¼ 2.43), but not with response time of answering to the questions in the game (t ¼ 0.34). These results support H2, but not H3. Post-test was positively correlated with accuracy (t ¼ 6.17) and response time (t ¼ 3.20), supporting H4 and H5. However, the paths from competition to post-test (t ¼ 1.78) and from motivation to post-test were not significant (t ¼ 1.89). Hence, H6 and H7 were not supported. The path analysis (see Fig. 4 ) that examined the causal relationships among the variables revealed that competition enhanced motivation of participants and consequently increased accuracy in the game. As a result, better performance was observed in the post-test.
Discussions
Consistent with the literature (e.g., Burguillo, 2010; Julian & Perry, 1967; Nemerow, 1996; Yu, 2000) , the results of this study showed that competition in games enhanced learning and motivation of the participants. Participants in the competition group devoted more of their time to responding to the questions in the game than the ones in the control group. However, there was no significant difference between the groups in total reading time of the explanations and accuracy in the game. Gender had no effect on learning. Correlation analysis showed higher post-test scores were associated with higher motivation, more time spent on responding to questions and reading explanations, and higher accuracy in the game. Response time of questions and accuracy in the game were positively correlated with reading time of explanations in the game. The correlation results suggested that the more time spent on responding to the questions in the game, the more accuracy was observed in the game. Motivation was positively related to accuracy. On the other hand, no significant relationship were found between motivation and total reading time of explanations, as well as between motivation and total response time of questions.
To examine the causal relations between the observed variables, a path analysis was performed. The hypothesized structural equation model showed acceptable fit to the data. The results of the path analysis suggested that the competitive environment motivated learners and consequently this improved accuracy in the game which in turn increased post-test scores. Although, the causal path from motivation to response-time was not significant, the data showed that time spent on answering the questions in the game was positively associated with post-test performance. The more time participants spent on answering the questions, the better scores were obtained in the post-test. However, the paths from motivation to response-time in the game (H3), from competition to post-test (H6), and from motivation to post-test (H7) were not statistically significant. These results indicated that motivation was not associated with response-time, and competition and motivation were not related with post-test. Fig. 3 . Hypothesis of the study. Vandercruysse et al. (2013) found no effect of competition on learning outcomes and motivation. In contrast of the results of the study conducted by Vandercruysse et al. (2013) , the results of this study show that when a competition environment is created in serious games, motivation and learning outcomes through the game improved significantly. Main reason for this difference could be the type of competition provided in the game. Our game is designed for creating a competition environment among the students where Vandercruysse et al. (2013) have designed the competition environment as an element of competing against a virtual opponent. Hence competing with other gamers other than a virtual opponent could be a factor affecting the gamers' motivation, accuracy and learning in games which is also supported by the earlier studies. For instance, Williams and Clippinger (2002) report that when participants played against a humancontrolled opponent, they experienced higher presence of flow and enjoyment than the ones who played against a computer-controlled opponent.
Conclusions
There is a gap of common understanding of the constituting elements of serious games for their effectiveness (Vandercruysse et al., 2013) . The results of the current study suggest that adding the gaming element of competition to a game-based learning environment improves learning outcomes and motivation of participants. As a result, game designers should incorporate the element 'competition' to the games they created to facilitate learning.
Providing all challenging dimensions in a single game is not always possible. On the other hand, there may be some design features that relatively affect each other. For instance, some studies show that cooperation is more effective than competition in games while competition facilitates only cognitive achievement but not learning attitudes (Ke & Grabowski, 2007) . Future studies may also need to consider the relative effect of game design features in a systematical way. A limitation of this study is the small sample size for the path analysis and the sampling method (i.e., convenience sampling). Thus, the results of the current study need to be validated in a larger sample size and in different learning domains as well as with different age groups. Note. *p < .05. **p < .01. Fig. 4 . Results of the model with standardized path coefficients.
